Abstract
254
The cascade in Fig. 4a -layer model and by Kämpf (2005) in laboratory experiments.
261
The ambient waters in Fig. 4a are also modified as a result of the dense dense water injection where all isotherms remain horizontal.
268
The vertical profiles at a location in just over 1100 m depth (Fig. 4b) show 
Cascading regimes

273
Our numerical experiments reveal three regimes of cascading: (i) "ar-
274
rested" -the plume remains within or just below the Atlantic Layer (Fig. 5a ),
275
(ii) "piercing" -the plume pierces the Atlantic Layer and continues to the bot- Layer while the remainder continues its downslope propagation (Fig. 5c ).
279
The latter regime was so named by Aagaard et al. (1985) who inferred it 280 from observations. The arrested regime was observed in 1994 (Schauer and 
306
The Entrainment ratio is calculated as E = w e /u F , where w e is the 
scales (e.g. Cushman-Roisin and Beckers, 2011) and they are similar in both in density changes of the plume as it progresses downslope over time. In this section, we examine the downslope propagation of the plume. at the plume front, which naturally puts them in the 'piercing' category.
374
The normalised plume height averaged over those runs is Table 1 ). properties for two experiments series: Q is constant and S varies (Fig. 8a) , 402 and Q varies and S is constant (Fig. 8b) . The dashed portion of the mixing curves in Fig. 8 shows that a consider- model study using ambient conditions similar to ours.
413
Amongst the series with constant Q=0.03 Sv (Fig. 8a) 
420
The experiments with a constant inflow salinity S (Fig. 8b) We will now analyse the combined effect of varying both S and Q, and also is marked by a black dot at a modelled combination of S and Q and the 434 temperature maximum (in Fig.9a ) and its depth (in Fig. 9b ) are shaded as 435 coloured contours that span the S-Q space. 
463
By prescribing a varying salinity at the overflow we are able to recreate (in transport at the sill (see Fig. 8b ). The maximum bottom temperature along 472 the plume path is mainly a function of the flow rate (see Fig. 9a ). The depth
473
at which the temperature maximum occurs, on the other hand, is mainly a 474 function of the inflow salinity.
475
To explain these results we consider the processes and factors affecting 
Depth penetration of the plume
482
In the following, we investigate how the salinity S and flow rate Q of more than 50% of PTRC that has been injected over 90 days.
492
In Fig. 11 we plot the results against S and Q for each of the 45 model Fig. 11a) or 'piercing' (16 runs, Fig. 11b) 
510
regarding the plume's capacity to intrude into the Atlantic Layer or pass 511 through it respectively. In the remaining experiments the plume either re-512 mains largely above the Atlantic Layer or the piercing ability is not clearly 513 defined (which includes the 'shaving' regime).
514
The combinations of S/Q resulting in each of the regimes in Fig. 11 show 515 that the initial density of the plume is not the only controlling parameter for by integrating over the entire model domain:
where g is the acceleration due to gravity (9.81 m s −2 ), V is the grid cell 537 volume and V tot = ∫ dV is the total volume of the model domain.
538
The system's increase in potential energy over time is plotted in Fig. 12 539 for runs A, B and C (see Fig. 6 ). In all runs P E is shown to be increasing 
579
The slow but steady rise in P E in Fig. 12 
As a consequence its first derivative is discontinuous in one point,
642
which leads to errors in horizontal pressure gradient calculations where its 643 second derivative is undefined.
644
In order to smoothly blend between these two cases, we start with a 
